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Objective: The aims of this study were to investigate the relationship between low-density
lipoprotein cholesterol (LDL-C) levels and all-cause mortality in coronary care unit (CCU)
patients, adjusting for a wide range of potential confounding factors, to examine the potential
of LDL-C in predicting the prognostic value of CCU patients.

Methods: Clinical data were extracted from Medical Information Mart for Intensive Care-
IIT database (MIMIC-III database version v.1.4). Baseline data were collected within 24
hours after the patient was first admitted to the hospital. The primary endpoint of our study is
30-day all-cause mortality. The secondary endpoints are 90-day and one-year all-cause
mortality and infections. Cox proportional hazard regression and propensity score-matched
(PSM) analysis were used to analyze the association between LDL-C levels and prognostic
value of CCU patients.

Results: We included a total of 1476 patients with an average age of 66.7 + 14.1 years (66%
male). For 30-day all-cause mortality, the hazard ratio (95% confidence interval) of high
LDL-C level group (= 55 mg/dl) was 0.42 (0.29, 0.62), which was compared with low LDL-
C level group (< 55 mg/dl) in unadjusted model. After adjusting for age, gender and race, the
association still existed (P < 0.05), and the HR (95% CI) was 0.49 (0.33, 0.72). Further
adjustment of possible covariates showed similar correlation (P < 0.05), and HR (95% CI)
was 0.65 (0.43, 0.97). Similar correlations were observed for 90-day and one-year all-cause
mortality. The relationship between all-cause mortality and LDL-C levels in CCU patients
was further verified by propensity score-matched (PSM) analysis. In addition, the higher the
LDL-C level, the lower the risk of infection, odds ratio (OR) values in the three models were
less than 1 (P < 0.05).

Conclusion: Our data suggest that high LDL-C level is associated with a reduced risk of 30-
day, 90-day, and one-year mortality of patients in the CCU. And this result is still stable in
the PSM model. The results need to be verified in prospective trials.

Keywords: low-density lipoprotein cholesterol, coronary care unit, all-cause mortality,
cardiovascular disease

Introduction

Cardiovascular disease (CVD) has become the leading cause of death worldwide,
accounting for nearly one-third of all deaths. And it accounts for 17% of the total
national health expenditure in the United States.' Coronary care unit (CCU) was
established in the late 1960s to reduce mortality after acute myocardial infarction by
detecting and actively treating arrhythmia, and to provide clinical laboratories for
the research and treatment of acute coronary syndrome.>* Killip et al reported that
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after the use of CCU reduced the mortality rate by nearly
20%, and then CCU has been widely used and evolved
into a modern CCU.”> The CCU is staffed with profes-
sionals and equipped with facilities to treat severe CVD
patients.>” At present, we need to further improve the
treatment effect of CCU patients, and need to find out
the prognostic factors of these critically ill patients.®’
Dyslipidemia is a heterogeneous disease composed of
high LDL-C, low high density lipoprotein cholesterol
(HDL-C) and high triglycerides (TG), among which
LDL-C is the main sign.'”'" Evidence obtained from
epidemiological studies shows that there is a linear rela-
tionship between LDL-C and the development of athero-
sclerotic disease. In particular, the direct link between
LDL-C and coronary heart disease (CHD) risk has been
demonstrated.'*'* Since LDL-C is a modifiable risk fac-
tor, all international guidelines recommend reducing
plasma LDL-C concentrations in patients at risk of arter-
iosclerotic cardiovascular disease.'>™'” The 2019 ESC/
EAS Guidelines for the management of dyslipidemia sug-
gests that LDL-C should be controlled at < 55 mg/dl (1.4
mmol/L) for secondary prevention in high-risk individuals
and primary prevention in high-risk familial hyperlipide-
mia patients.'” However, it has also been shown that high
LDL-C levels can improve clinical outcomes in patients
with severe illness.'® How LDL-C can achieve balance in
CCU patients is what we want to explore. Therefore, we
used the MIMIC-III database to assess the association
between outcomes in CCU patients and LDL-C.

Methods

Study Population

MIMIC-III is a large single-center database containing
information about patients hospitalized in the intensive
care unit of a large tertiary care hospital. MIMIC-III
v.1.4 contains data on 53,423 admissions to different hos-
pitals of adult patients (16 years of age or older) admitted
to the intensive care unit between 2001 and 2012. The
database includes basic patient information, treatment
details and survival data.'® MIMIC-III has obtained
approval from the Institutional Review Boards of the
Beth Medical and the
Massachusetts Institute of Technology. Our institutional

Israel Deaconess Center
ethics review committee does not need to approve research
protocols and informed consent, because our research

involves retrospective analysis of public databases.

Among the more than 50,000 patients in the database, the
included subjects met the following criteria: (1) CCU
patients; (2) length of hospital stay > 2 days; (3) age > 16
years. The exclusion criteria are as follows: (1) the patient’s
individual data is missing by more than 10%; (2) outliers: the
value exceeds the mean + 3 Standard Deviation (SD).

Covariates

The data on the first day of CCU admission were extracted
from MIMIC III using Structured Query Language (SQL)
including demographic data, basic vital signs, comorbidities,
basic laboratory parameters and scoring system before treat-
ment. Demographic information included age, gender, race.
Complications included coronary heart disease, congestive
heart failure (CHF), cardiogenic shock (CS), arrhythmia,
heart valve disease, peripheral vascular disease, hypertension
and liver disease. Liver disease refers to the pathological
changes that occur in the liver, including viral hepatitis, cir-
rhosis, fatty liver, alcoholic liver disease, portal hypertension,
hepatic encephalopathy, hepatorenal syndrome, liver necrosis,
and many other liver diseases and their complications.
Excluding liver cancer. Laboratory parameters included
LDL-C, white blood cell (WBC) count, urea nitrogen, serum
creatinine, total cholesterol (TC), TG, HDL-C and non-high
density lipoprotein cholesterol (non-HDL-C) in the first 24
hours. In addition, simplified acute physiology score II
(SAPSII) and acute physiology score III (APSIII) were also
included. These two scores are applicable to critically ill
patients to evaluate the severity of the patient’s condition.

Outcomes

The primary endpoint of our study is 30-day all-cause mor-
tality. The secondary endpoints are 90-day and one-year all-
cause mortality and infections. The observation time was
from the patient’s first admission to the hospital until death.
The date of death was collected by MIMIC-III database
from the records in the Social Security Death Index.

Statistical Analyses
According to the LDL-C value, the study participants were
divided into two groups (< 55 mg/dl and > 55 mg/dl).
Categorical variables were expressed by frequency (per-
centage) and compared with Chi-square test or Fisher’s
exact test. Continuous variables were represented by the
mean (SD), and Kruskal-Wallis H-test or variance analysis
was used to compare the different groups.

Cox proportional hazard regression was used to evaluate
the association between all-cause mortality and LDL-C, and
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| Subjects within MIMIC-IIIdatabase |

| CCU patients (n=7,726)

468 repeat admission

* 6 less than 16 years old

* 63 have large outliers or individual data

| Patients included (n=1,476)

missing more than 10%
5,713 LDL-C data missing

N

LDL-C <55 mg/dl (n=248) | |

LDL-C 2> 55 mg/dl (n=1,228)

N

243 pairs after PSM

Figure | Flowchart of included patients.

Abbreviation: MIMIC lll, Multiparameter Intelligent Monitoring in Intensive Case Database Ill; CCU, coronary care unit; LDL-C, low-density lipoprotein cholesterol; PSM,

propensity-score matching.

the result was shown as a hazard ratio (HR) with a 95%
confidence interval (CI)."” Three multivariate analysis models
were established for each end point, and the low LDL-C level
group (< 55 mg/dl) was set as the reference group. The choice
of covariates was based on the estimated value of impact >
10%.%° In model 1, the covariates were not adjusted; in model
2, the covariates included age, gender and race; in model 3,
age, gender, race, serum urea nitrogen, serum creatinine, mean
arterial pressure, coronary heart disease, cardiogenic shock
were further adjusted. To avoid potential bias, and because of
differences in baseline characteristics, the propensity score
matching (PSM) was used.>' PSM was performed at a ratio
of 1: 1 using a caliper width of 0.02 of the SD of the logit of the
propensity score. Then PSM model was analyzed. Subgroup
analysis was performed to explore if the association differed
for subgroups classified using different parameters including
age, sex, race, CHD, CS, CHF, arrhythmia, heart valve disease,
peripheral vascular disease and hypertension.

All analyses were conducted using R software (Version
3.6.1, http://www.r-project.org). All of the tests were two-

sided and P <0.05 indicated a significant difference.

Results

Characteristics of Patients

We identified 1476 patients who met our inclusion criteria
(Figure 1). The eligible participants included 509 women
and 982 men with a mean age of 66.7 = 14.1 years, and

a mean LDL-C of 89.79. Baseline characteristics are
shown in Table 1. According to the LDL-C value, the
study participants were divided into two groups (<
55 mg/dl and > 55 mg/dl) may have protective functions.

They suffered more from CHD. However, patients with
lower LDL-C levels were more likely to suffer from CHF,
CS, and arrhythmia. Patients with higher LDL-C also had
higher levels of other blood lipids, including TC, TG,
HDL-C, and non-HDL-C. The serum creatinine and urea
nitrogen levels were significantly lower in patients with
higher LDL-C. And the SAPSII score and APSIII score
were lower. (All P<0.05).

Association Between LDL-C and
Mortality

We first conducted analysis of the relationship between lipids
and the prognosis of CCU patients, including TC, TG, non-
HDL-C and remnant lipoprotein cholesterol (RLP-C). The
results show that higher blood lipid levels are related to better
prognosis of CCU severely ill patients (Table S1). After that,
we conducted a detailed analysis of LDL-C. After adjusting
for possible covariates, different models were established to
evaluate the relationship between LDL-C and the prognosis
of CCU patients. The results of these relationships are shown
in Table 2. For 30-day all-cause mortality, HR (95% CI) of
high LDL-C level group (> 55 mg/dl) was 0.42 (0.29, 0.62)
in unadjusted model compared with low LDL-C level group
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Table | Baseline Characteristics of the Study Population

Characteristics LDL-C Level, mg/dl P value
<55(n=248) >55(n=1228)
Clinical parameters, n(%)
Age, years 70.69 * 13.68 65.87 £ 14.05 <0.001
Sex, n (%) 0.808
Male 162 (65.32) 812 (66.12)
Female 86 (34.68) 416 (33.88)
Ethnicity, n(%) 0.113
White 177 (71.37) 792 (64.50)
Black 9 (3.63) 59 (4.80)
Other 62 (25.00) 377 (30.70)
SBP, mmHg 113.92 + 16.45 116.43 + 15.54 0.022
DBP, mmHg 58.84 £ 10.95 63.01 £ 10.67 <0.001
MAP, mmHg 7648 £ 11.42 80.08 + 10.48 <0.001
Heart rate, beats/minute 78.30 £ 15.98 77.46 £ 13.99 0.405
Respiratory rate, times/minute 18.73 £ 3.41 18.40 £ 3.10 0.132
Temperature, °C 36.71 + 0.68 36.76 + 0.53 0.204
Comorbidities
Coronary heart disease, n(%) 149 (60.08) 867 (70.60) 0.001
Congestive heart failure, n(%) 117 (47.18) 507 (41.35) 0.091
Cardiogenic shock, n(%) 38 (15.32) 111 (9.04) 0.003
Arrhythmia, n (%) 127 (51.21) 505 (41.19) 0.004
Heart valve disease, n (%) 46 (18.55) 202 (16.48) 0.426
Peripheral vascular disease, n (%) 25 (10.08) 93 (7.59) 0.187
Hypertension, n (%) 158 (63.71) 739 (60.18) 0.299
Liver disease, n (%) 14 (5.65) 44 (3.59) 0.129
Laboratory parameters
White blood cell count, 10° /L 11.34 + 482 11.46 + 4.38 0.692
Serum creatinine, mg/d| 1.57 £ 1.41 1.20 + 0.94 <0.001
Serum urea nitrogen, mg/dI 29.48 + 21.30 22.34 + 13.81 <0.001
Total cholesterol, mg/dl 109.76 + 33.65 171.05 + 37.60 <0.001
Triglycerides, mg/dl 134.59 £ 134.61 135.69 + 103.60 0.026
HDL-C, mg/dl 41.22 + 15.28 45.72 = 1422 <0.001
Non-HDL-C, mg/dI 68.54 + 30.44 125.45 + 35.56 <0.001
Scoring systems
SAPSII 36.22 + 1433 29.64 + 11.29 <0.001
APSIII 36.32 + 1441 29.60 + 11.28 <0.001
Mortality
30-day 38 (15.32) 82 (6.68) <0.001
90-day 51 (20.56) 107 (8.71) <0.001
One year 73 (29.44) 177 (14.41) <0.001

Notes: Liver disease refers to the pathological changes that occur in the liver, including viral hepatitis, cirrhosis, fatty liver, alcoholic liver disease, portal hypertension,
hepatic encephalopathy, hepatorenal syndrome, liver necrosis, and many other liver diseases and their complications. Excluding liver cancer.

Abbreviations: LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; HDL-C, high density
lipoprotein cholesterol; Non-HDL-C, non-high density lipoprotein cholesterol; SAPSII, simplified acute physiology score Il; APSIII, acute physiology score lIl.
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Notes: Models |, 2 and 3 were derived from Cox proportional hazards regression models: model | covariates were adjusted for nothing; model 2 covariates were adjusted for age, sex and ethnicity;model 3 covariates were adjusted for

age, sex, ethnicity, serum urea nitrogen, serum creatinine, mean arterial pressure, coronary heart disease, cardiogenic shock.

Abbreviations: HR, hazard ratio; Cl, confidence interval; LDL-C, low-density lipoprotein cholesterol.

(< 55 mg/dl). After adjusting for age, gender and race, the
association still existed (P < 0.05), and the HR (95% CI) was
0.49 (0.33, 0.72). Further adjustment of possible covariates
showed similar correlation in model 3 (P < 0.05), HR (95%
CI) was 0.65 (0.43, 0.97). A similar correlation was observed
between 90-day and one-year all-cause mortality. In addition,
LDL-C values were divided into four groups and five groups
respectively, and different models were established to evalu-
ate the relationship between LDL-C and prognosis of CCU
patients (Table S2). For 30-day all-cause mortality, the HR
(95% CI) of the group with the highest LDL-C level was less
than 1 in all three models (P <0.05), regardless of whether the
LDL-C was divided into four or five groups. A similar
correlation was observed between 90-day and one-year all-
cause mortality.

PSM Analysis

PSM analysis was conducted to assess the relationship
between LDL-C and the all-cause mortality of CCU
patients. The baseline characteristics of patients in differ-
ent LDL-C groups did not significantly differ (Table 3).
Cox proportional hazard regression analysis revealed that
high LDL-C level was independently related to better
prognosis of CCU patients (Table 2). For 30-day, 90-day
and one-year all-cause mortality, HR (95% CI) were 0.50
(0.25, 1.00), 0.52 (0.29, 0.92) and 0.56 (0.36, 0.87).

Association Between LDL-C and

Infection

We analyzed the relationship between LDL-C and the risk
of infection in CCU patients (Table 4). OR (95% CI) of
high LDL-C level group (> 55 mg/dl) was 0.43 (0.31,
0.60), 0.48 (0.35, 0.68), 0.63 (0.44, 0.92) in three models
compared with low LDL-C level group (< 55 mg/dl)
respectively (All P<0.05).

Subgroup Analyses

Subgroup analysis results are shown in Table 5. In the
subgroup analysis, we analyzed the common diseases of
CCU patients, and no significant interaction was observed.
It shows that the results of this article were stable in CCU
patients.

Discussion

Cardiovascular disease is a heavy burden on the medical
system, especially because of its increasing mortality and
incidence rate.”>?* Over the past 50 years, increased levels
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Table 3 Characteristics of the Study Population After PSM

Characteristics LDL-C Level, mg/dl
<55(n=243) | >55(n=243)
Clinical parameters, n(%)
Age, years 70.81 = 13.58 | 64.13 = 13.40
Sex, n (%)
Male 159 (65.4) 160 (65.8)
Female 84 (34.6) 83 (34.2)
Ethnicity, n(%)
White 175 (72) 157 (64.6)
Black 8 (3.3) 18 (7.4)
Other 60 (24.7) 68 (28)
MAP, mmHg 7653 1148 | 8099 £ 11.16
Heart rate, beats/minute 7849 + 15.88 | 78.85 + 15.17
Respiratory rate, times/minute 18.71 + 3.41 19.06 * 3.29
Comorbidities
Coronary heart disease, n(%) 146 (59.8) 179 (73.4)
Congestive heart failure, n(%) 115 (47.1) 131 (53.7)
Cardiogenic shock, n(%) 36 (14.8) 46 (18.9)
Arrhythmia, n (%) 126 (51.6) 99 (40.6)
Heart valve disease, n (%) 45 (18.4) 46 (18.9)
Peripheral vascular disease, n (%) 25 (10.2) 34 (13.9)
Hypertension, n (%) 157 (64.3) 164 (67.2)
Liver disease, n (%) 14 (5.8) 9 (3.7)
Laboratory parameters
White blood cell count, 10° /L 11.29 + 4.80 12.17 £ 4.50
Serum creatinine, mg/dl 1.57 + 1.42 1.31 £ 1.04
Serum urea nitrogen, mg/dl 29.78 £21.41 | 2435 £ 15.13
Mortality
30-day 38 (15.6) 16 (6.6)
90-day 50 (20.6) 21 (8.6)
One year 72 (29.6) 36 (14.8)
Notes: |:| matching for age, sex, ethnicity, mean arterial pressure, heart rate,

respiratory rate, coronary heart disease, congestive heart failure, cardiogenic
shock, arrhythmia, heart valve disease, peripheral vascular disease, hypertension,
liver disease, white blood cell, serum urea nitrogen, and creatinine.
Abbreviations: PSM, propensity-score matching; LDL-C, low-density lipoprotein
cholesterol; MAP, mean arterial pressure.

of CCU have been associated with improved outcomes in
critically ill patients.>* Therefore, it is very important to study
the early useful biomarkers of CCU prognosis. Few studies
have discussed the relationship between LDL-C and mortal-
ity in CCU patients. As an easily available biomarker, LDL-
C has certain value for the prognosis of CCU patients and can
play a role in rapid clinical evaluation.

The exact mechanism of the relationship between
LDL-C and mortality in CCU patients remains unclear.

LDL-C is a large molecule comprised of many proteins
as well as lipids including cholesterol, phospholipids, and
triglycerides. As we all known that the circulating levels of
LDL are directly associated with atherosclerosis disease
severity.””> However, lipoproteins, including LDL-C, in
addition to playing a role in lipid transport, may have
protective functions.® Systemic inflammatory response
syndrome (SIRS)
response, that is, the body’s response to a variety of

refers to systemic inflammatory
cytokines/inflammatory mediators. Both infectious and
non-infectious factors can activate inflammatory cells
through different ways, release pro-inflammatory media-
tors such as TNF-a, IL-1, and participate in the body’s
defense response to resist external damage and stimula-
tion. These inflammatory cells further promote the activa-
tion of inflammatory cells and form a “cascade effect” in
the body, leading to a continuous increase in the number of
inflammatory mediators and an expanding inflammatory
response. When the body’s compensatory ability is
exceeded, the body has an excessive inflammatory
response, causing extensive tissue cell damage, resulting
in systemic inflammatory cell response syndrome.*’*®
Cardiovascular critically ill patients suffer fatal cardiovas-
cular trauma, and a series of inflammatory cascades are
produced in the body. The host response during this period
is mediated by cytokines and growth factors, which are
capable of influencing lipid metabolism.?**° Endogenous
LDL can protect against the lethal effects of inflammatory.
At least part of this protection is achieved through
decreased in vivo production of pro-inflammatory cyto-
kines, in spite of increased cytokine production
capacity.’’ And the results of this article show that
a higher level of LDL-C is associated with a lower risk
of infection, this may explain our results.

Our study had several strengths. The sample size in this
study was large enough to identify a significant association
between LDL-C and all-cause mortality of CCU patients.
Our analysis adjusted for potential confounding factors
that might influence the relationship between LDL-C and
all-cause mortality of CCU patients, and we have repeat-
edly verified our results with multiple models. However,
our research has some limitations. Firstly, we adopted
a single-center retrospective study design. Therefore,
there may be some selection biases in our study. In the
future, forward-looking multi-center research is needed to
solve this problem. Secondly, the baseline levels of LDL-C
could be affected by the use of lipid-lowering drugs before

CCU admission. We extracted data from the first
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Table 4 ORs (95% Cls) for Infection Across Groups of LDL-C Level
LDL-C Level, mg/di Model | Model 2 Model 3
OR (95% Cls) P value OR (95% Cls) P value OR (95% Cls) P value
Infection
<55 1.0 1.0 1.0
255 0.43 (0.31, 0.60) <0.001 0.48 (0.35, 0.68) <0.001 0.63 (0.44, 0.92) 0.015

Notes: Models |, 2 and 3 were derived from logistic regression models: model | covariates were adjusted for nothing; model 2 covariates were adjusted for age, sex and
ethnicity;model 3 covariates were adjusted for age, sex, ethnicity, serum urea nitrogen, serum creatinine, mean arterial pressure, coronary heart disease, cardiogenic shock.

Abbreviation: OR, odds ratio.

Table 5 Subgroup Analysis of the Associations Between 30-Day All-Cause Mortality and the LDL-C Level

No. of Patients

LDL-C Level, mg/di

P for Interaction

<55 =55

Age, years 0.052
<70 737 1.0 1.77 (0.50, 6.30)
=70 739 1.0 0.53 (0.34, 0.82)

Sex 0.258
Male 974 1.0 0.49 (0.29, 0.83)
Female 502 1.0 0.79 (0.41, 1.52)

Ethnicity 0.200
White 969 1.0 0.54 (0.33, 0.91)
Black 68 1.0 0.70 (0.34, 1.42)
Other 439 1.0 0.20 (0.30, 1.39)

Coronary heart disease 0.100
Yes 1016 1.0 0.83 (0.50, 1.38)
No 460 1.0 0.41 (0.20, 0.82)

Cardiogenic shock 0.302
Yes 149 1.0 0.86 (0.43, 1.74)
No 1327 1.0 0.55 (0.33, 0.92)

Congestive heart failure 0.195
Yes 624 1.0 0.52 (0.31, 0.87)
No 850 1.0 0.96 (0.46, 1.99)

Arrhythmia 0.972
Yes 632 1.0 0.67 (0.40, 1.12)
No 842 1.0 0.66 (0.32, 1.36)

Peripheral vascular disease 0.356
Yes 118 1.0 0.63 (0.41, 0.97)
No 1356 1.0 1.28 (0.30, 5.41)

Hypertension 0.707
Yes 897 1.0 0.70 (0.36, 1.36)
No 579 1.0 0.60 (0.36, 1.02)

Heart Valve disease 0918
Yes 248 1.0 0.66 (0.41, 1.05)
No 1226 1.0 0.69 (0.28, 1.68)

Notes: HRs (95% Cls) were derived from Cox proportional hazards regression models. Covariates were adjusted as in model 3(Table 2).
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measurement when the patient was admitted to the hospi-

tal. Perhaps measuring the difference in LDL-C before and

after admission may be more helpful than a single test.

Thirdly, LDL-C is easy to obtain in clinical practice, but

the loss of LDL-C in the database is still common, which

may lead to selection bias.

Conclusions
We proved that high levels of LDL-C are associated with
better short-term and long-term prognosis in CCU patients.

This should be confirmed in prospective studies.
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